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Field of the Invention 

This invention relates to a novel aqueous concentrate herbicidal formulation containing both glypho- 
sate and ammonium sulfate. 

Dpsnrintion of the Prior Art 

Glyphosate (N-phosphonomethylglycine) is well-known in the art as an effective herbidde. It is known 
in toe art mat glyphosate, which is m organic acid, is relatively insoluble in water. Therefore .tig™** 
is normally formulated and applied as a water-soluble sail, espial* as mtanta sg (JPA 
salt) Various formulations of glyphosate are disclosed in US. Patents 4,405,531, 3,977,860 and 
3 853,530. Roundup® Herbicide comprising the IPA salt of glyphosate is sold by Monsanto Company as 
an aqueous concentrate formulation which is diluted in water prior to application. 

Researchers have suggested that formulated mixtures of glyphosate and ammonium sulfate are, in 
many cases, more efficacious than formulated glyphosate alone. (Weed Research 1975 vol. 15, 13-19, 
a^d 1980 vol. 20. 139-146). Unfortunately, such formulations of glyphosate and ammonium sulfate i with 
20 surfactants will salt out upon standing for relatively short periods of time. The short shelf life of these 
Srefonnulations makes them commercially unacceptable. Therefore, the farmer » sen^wnrt 
to tank mix the glyphosate-ammonium sulfate mixture on site just pnor to use. This inconvenience has re- 
sulted in farmers avoiding the use of glyphosate-ammonium sulfate mixtures. 
It is desired in the art to find a shelf-stable, aqueous, concentrate formulation containing both glypno- 
25 sate and ammonium sulfate. 

Summary of the Invention 

The present invention relates to a herbicidal aqueous concentrate glyphosata/ammonium sulfate for- 
30 mulation comprising a water-soluble glyphosate salt, ammonium sulfate and a quatern ®nr ammonium salt. 
Suitable classes of quaternary ammonium salts useful in the present invention include quatemced long 
chain amines; quatemized polyoxyalkylenated long chain amines; quaternary salts of pyridines; quater- 
nary salts of carboxylated imidazolines (open and closed chain) and tnalkyl betaines. Triaikylamine ox- 
ides which comprise a class of compounds which form quaternary ammonium hydroxide salts upon addi- 
35 tion to water are also useful in the practice of the present invention. Other general classes of quater- 
nary ammonium salts useful in the practice of the present invention will be known to those skilled in the 



Preferred subclasses of quaternary ammonium salts for use in the present invention are alkyl ower- 
alkyl. dihydroxyloweralkyl ammonium chlorides; alkyl. triloweralkyl ammonium chlorides; carboxymethylat- 
40 ed imidazoline and alkyldiloweralkyl betaines. ...... .. „ „„ _„ 

The formulation of the present invention is shelf-stable to enable its commercial distribution as one 
package mixture. The formulation can be easily used by the farmer and is readily diluted in water pnor to 
its use. The formulation avoids the problems of having to tank mix the glyphosate-ammonium sulfate mix- 

45 tU A more ^horough^sclosure of the present Invention is presented in the detailed description which fol- 
lows. 

Detailed Description of the Invention 

50 The present invention relates to a herbicidal. aqueous concentrate formulation of glyphosate and am- 
monium sulfate comprising water-soluble glyphosate salt, ammonium sulfate and quaternary j 
salt The formulation also contains water. The formulation of the present invention is shelf-stable in that 
it does not experience salting out of ingredients when stored for prolonged penods of time at lower ambi- 
ent temperatures (e.g. temperatures as low as 0°C and lower). The shelf-stability of the formulation of 

55 the present invention enables its commercial distributions as a one package mixture. _ . 

The formulation of the present invention contains a water-soluble salt of glyphosate Several pro- 
cesses for the preparation of glyphosate are disclosed in the patent and chemical «eraWre, e.g.. U.S. 
Patents 3.977,860 and 4,486,358. Suitable water-soluble salts of glyphosate useful in the present in- 
vention are disclosed in U.S. Patent 4,405,531. The isopropyl amine salt of glyphosate is preferred in 

60 the formulation of the present invention. . „«,«,-„♦ 

Commercially available fertilizer grade ammonium sulfate may be used in the formulation of the present 
invention. Other grades of ammonium sulfate useful in the practice of the present invention will be known 
to those skilled in art. During the formulation process, the formulations are normally filtered to remove 
any insoluble particulate materials which may be present in some commercial grades of ammonium suirate 

65 The key feature of the formulation of the present invention is the quaternary ammonium salt. A vanety 
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of quaternary ammonium salts can be utilized in the practice of the present invention Suitable anions for 
the quaternary ammonium salts of the present invention include the chloro anion, hydroxy anion and the 
phosphate anion. Other suitable anions will be known to those skilled in the art. The quaternary ammonium 
salt functions to stabilize the formulation. Suitable classes, subclasses and species of quaternary am- 
5 monium salts for use in the present invention are as follows: 

1. quaternized long chain amines: 

' a) alkyl. triloweralkyl ammonium chloride 

i) trimethyl coco ammonium chloride 
10 (coco a C12-C15 alkyl) 

ii) trimethyl octadecyl ammonium chloride 
b) dialkyl, diloweralkyl ammonium chloride 

i) dimethyl, dioctadecyl ammonium chloride 

2. quaternized polyoxyaikylenated long chain amines: 
1 5 a) dialkyl dihydroxyethyl ammonium chloride 

i) methyl bis(2-hydroxyethyl) coco ammonium chloride 

ii) methyl bis(2-hydroxyethyl) lauryl ammonium chloride 

iii) methyl bis(2-hydroxyethyl) oleo ammonium chloride 

b) alkyl di(polyoxyethylene) lower alkyl ammonium chloride « e 
20 i) methyl bis(omegahydroxypoly(oxyethylene)coco) ammonium chloride where the polyoxyethylene Is 

derived from 3-20 moles of ethylene oxide . „ . 

ii) methyl bis(omegahydroxypoly(oxyethylene)oieo) ammonium chloride where the polyoxyethylene is 
derived from 3-20 moles of ethylene oxide 

c) hydroxyalkyl polyoxyethylene diloweralkyl ammonium chloride 

25 i) hydroxyethyl dimethyl polyoxyethylene (2 moles) ammonium chloride 

d) alkyl tri(polyoxyethylene) ammonium phosphate 
i) lauryl tripolyoxyethylene ammonium phosphate 

3. quaternized pyridines 

i) N-octyl pyridine chloride 
30 ii) N-dodecyl pyridine chloride 

4. quaternized carboxylated imidazolines (closed and open chain). 

i) N-carboxymethyi N-aminoethyl undecyl imidazoline 

ii) N-carboxy N-hydroxyethyl undecyl imidazoline 

iii) N-carboxymethyl N-aminoethyl-(N',N'-dicarboxymethyl) undecyl imidazoline 
35 iv) N-carboxymethyl N-(carboxymethoxy) ethyl undecyl imidazoline 

v) N-carboxymethyl N-hydroxyethyl heptadecyl imidazoline (* stearoamphoglycinate) 

iv) N-carboxymethyl N-hydroxyethyl undecyl imidazoline (* lauroamphoglycinate) * Official nomencla- 
ture of Cosmetics, Toiletry and Fragrance Association as listed in CTFA Cosmetic Ingredient Diction- 
ary 3rd Edition. *As above. 

40 5. trialkyl betaines 

a) alkyl, diloweralkyl betaines 

i) lauryl dimethyl betaine 

ii) stearyl dimethyl betaine 

iii) coco dimethyl betaine 
45 iv) decyi dimethyl betaine 

6. amine oxides 

a) trialkylamine oxides 

i) lauryl dimethyl amine oxide 

ii) stearyl dimethyl amine oxide 
50 b) dihydroxyethyl alkyl amine oxide 

i) dihydroxyethyl octyl amine oxide 

ii) dihydroxyethyl dodecyl amine oxide 

iii) dihydroxyethyl tallowamine oxide 

c) di(polyhydroxyethylene) alkyl amine oxide 
55 i) bis(polyoxyethylene) tallowamine oxide 

d) loweraikyl polyoxyethylene alkyl amine oxide 

i) methyl polyoxyethylene (2 mole) cocoamine oxide 

Other general class, subclasses and species of quaternary ammonium salts useful in the practice of 
60 the present invention will be known to those skilled in the art. Certain quaternary ammonium salts will pro- 
vide for more stable formulation than others and those skilled in the art will be able to readily optimize for- 
mulations of the present invention by selection of suitable quaternary ammonium salts and by varying the 
concentration of the formulation ingredients. ... . „ 

Quaternary ammonium salts useful in the formulation of the present invention are commercially availa- 
65 ble from a number of manufacturers and are generally described in McCutcheon's Detergents and Emul : 
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sifiers. North American Edition 1985 Annual and in McCutcheon's Detergent and Emulsifiers Interna- 
tiona) Edition 1985. 

The formulations may optionally contain a secondary surfactant A suitable class of secondary sur- 
factant are the nonionic surfactants. Suitable nonionic surfactants are polyoxyethylene alkylphe- 
nylether, polyoxyethylene oleyl ether and dialkylene glycol monoalkyl ether. Additional suitable second- 
ary nonionic surfactants are set forth in U.S. Patent 4,405,531. Other suitable nonionic surfactants will 
be known to those skilled in the art 

The water-soluble concentrate formulations of the present invention are comprised as follows: 





Weight Percent* 
General 


Preferred 


1 . Water soluble salt of glypho- 


10%-50% 


2Q°/<r40% 


sate (based on 62.6% active ingre- 






dient aL) 






2. Ammonium sulfate 


10%r^0% 


20%^0% 


3. Quaternary ammonium salt 


2%-20% 


3%~15% 


4. Water 


remainder 


remainder 



* % by weight of total composition 



The formulations of the present invention may be generally prepared by mixing the ingredients togeth- 
er in a blender. The formulations of the present invention may also be admixed with other additives such 
25 as urea, thickening agents, anti-foam agents such as silicones, water-repeliants, humectants, chelating 
agents, dyes, dispersing agents, and other active ingredients such as herbicides and fungicides or the 
like. 

The formulations of the present invention can be readily diluted in water by the farmer in a spray tank 
prior to use. Suitable application rates of glyphosate will vary depending on plant species, but generally 
30 90 to 360 grams per hectare on an acid equivalent basis will be suitable. 

The following examples are presented to illustrate the present invention as well as some of the various 
embodiments of the invention. These examples are presented as being illustrative of the novel formula- 
tions and are not intended to be a limitation of the scope thereof. 

Examples l-Vlil show suitable formulation in accordance with the present invention. Example IX dem- 
35 onstrates the efficacy of the formulations of the present invention. 

Example I 

218 g of aqueous solution of IPA salt of glyphosate containing 62.6% by weight of the IPA salt, 270 g 
40 of ammonium sulfate powder, 23 g of methyl bis (2-hydroxyethyl) coco ammonium chloride, 3 g of polyox- 
yethylenealkyl phenyl ether and 486 g of water are mixed in an agitator at room temperature until the sur- 
factant and ammonium sulfate are dissolved and the solution becomes clear. Usually about 10 minutes is 
sufficient This mixing process does not require high shearing nor heating. The resulting formulation is 
clear. This formulation showed acceptable stability in accelerated aging tests. In two one-month acceier- 
45 ated aging tests where the temperature was set at -5°C for one test and 60°C for the other test, the for- 
mulation showed acceptable stability in both tests in that the formulation did not show any change in the 
appearance, the active ingredient content, and the physical properties such as cloud point, dilution prop- 
erty and the like. 

The composition of the formulation of Example 1 was as follows: 

50 



Ingredient Percent by Weight 

Aqueous solution of IPA 21 .8 

salt of glyphosate (62.6% active 

55 ingredient (a.i.) 

Ammonium sulfate (99.5%) 27.0 
Methyl bis (2-hydroxyethyl) 2.3 
coco ammonium chloride 

60 Poiyoxyethylenealkyl phenyl 0.3 

ether 

Water 48.6 

TOTAL iporj 

65 
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Example II 

218 g of aqueous solution of IPA salt of glyphosate (62.6% al), 217 g of ammonium sulfate powder, 
134 g of tauryl dimethyl amine oxide, and 377 g of water are mixed gently by an agitator for ■ abou 1 10 min- 
utes This formulation also showed acceptable stability in one month accelerated aging tests according to 
Example I. 

The composition of the formulation of Example II was as follows: 



Ingredient 


Percent by Weight 


Aqueous solution of IPA 


21.8 


salt of glyphosate (62.6% al.) 




Ammonium sulfate (99.5%) 


27.1 


Laury! dimethyl amine oxide 


13.4 


Water 


37.7 


TOTAL 


100.0 



Example 111 

25 The composition of this formulation was as follows: 



Ingredient 


Percent by Weight 


Aqueous solution of IPA 


21.7 


salt of glyphosate (62.6% al) 




Ammonium sulfate (99.5%) 


27.0 


Methyl bis (2-hydroxyethyl) 


6.7 


lauryl ammonium chloride 




Water 


44.6 


TOTAL 


100.0 



This formulation was prepared in accordance with the procedure of Example II and showed acceptable 
stability in one month accelerated aging tests according to Example I. 

Example IV 

The composition of this formulation was as follows: 



Ingredient 


Percent by Weight 


Aqueous solution of IPA 


25.8 


salt of glyphosate (62.6% a.i.) 




Ammonium sulfate (99.5%) 


32.0 


Trimethyl coco ammonium 


8.0 


chloride 




Water 


34.2 


TOTAL 


100.0 



This formulation was prepared in accordance with the procedure of Example II and showed acceptable 
stability in one month accelerated aging tests according to Example I. 

60 Example V 

The composition of this formulation was as follows: 
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Ingredient Percent by Weight 

Aqueous solution of IPA 25.9 
salt of glyphosate (62.6% a.L) 
5 Ammonium sulfate (99.5%) 32.2 

N-carboxymethyl 8.0 
N-aminoethyl undecyl imidazoline 

Water 33.9 
10 TOTAL 100.0 

This formulation was prepared in accordance with the procedure of Example II and showed acceptable 
stability in one month accelerated aging tests according to Example I. 

15 Example VI 

The composition of this formulation was as follows: 
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Ingredient 


Percent by Weight 


Aqueous solution of IPA 


21.9 


salt of glyphosate (62.6% a.i.) 




Ammonium sulfate (99.5%) 


29.3 


N.N-dimethyl-N-alM-N- 


6.8 


carboxymethyl ammonium 




chloride 




Water 


42.0 


TOTAL 


100.0 



This formulation was prepared in accordance with the procedure of Example II and showed acceptable 
stability in one month accelerated aging tests according to Example I. 

Example VII 

The following seven formulations were prepared by standard procedures as set forth in Examples I- 
VI and showed acceptable stability in 1 week accelerated aging tests where the temperature was set at - 
5°C and 60°C. Each formulation comprised the following: 



Ingredient 


gms/liter 


Aqueous solution of IPA 


120 


salt of glyphosate (62.6% a.i.) 




Ammonium sulfate (99.5%) 


320 


Surfactant 


80 



The surfactants for the seven formulations were as follows: 

50 a) lauryl dimethyl betaine 

b) stearyl dimethyl betaine 

c) N-octyl pyridine chloride 

d) lauryl, trimethyl ammonium chloride 

e) N-octadecyl methyl pyridine chloride 

55 f) lauryl, methyl dihydroxyethyl ammonium chloride 
g) N-carboxymethyl N-hydroxyethyl lauryl imidazoline 



Example VIII 

The following formulations were prepared by standard procedure and demonstrated acceptable formu- 
lation characteristics. Each formulation comprised 2.22 grams of an aqueous solution of IPA salt of 
glyphosate (62.6% a.i.); 1.9 grams of ammonium sulfate; a quaternary ammonium salt (CTFA name*) and 
water. 



6 



EP 0 274 369 B1 



CLASS - Quatemized Imidazolines 
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1 . Caproamphoglyclnate (37% a.1.) 


1.12 g 


Water 


4.76 g 


2.. Capryloamphocarboxypropionate 


1.03 g 


Water (40% a.i.) 


4.85 g 


3. Capryloamphopropionate 


1.09 g 


Water 


4.79 g 


4. Cocoamphopropionate 


0.91 g 


(potassium salt) (45% a.i.) 




Water 


4.96 g 


5. Mixed short chain alky I 


0.41 g 


amphc-propionate 




Water 


5.47 g 



* Official nomenclature of Cosmetics, Toiletry and 
Fragrance Association. 



CLASS -Quatemized Pofyethoxyethylenated long chain amines 



9. Methyl bis (2-hydroxyethyI) coco ammonium 0.56 g 
chloride 

Water 5.32 g 

30 10. Methyl bis (2-hydroxyethyl) oleo ammonium 0.57 g 

chloride 

Water 5.31 g 



35 

Example IX; 

Mixtures of water-soluble salts of glyphosate and ammonium sulfate are well known in the art to be ef- 
ficacious as a post-emergent herbicide. The following demonstrates the biological efficacy of the formu- 
40 lation of the present invention when applied to established stands of difficult to control weeds. 









Weed = Imperata Cylindrica 
Percent Injury at Days 


45 




Glyphosate acid rate 
kg/ha 


After Treatment (DAT) 
15 30 90 DAT 




1 . Formulation of Example 1 


1.08 


30 40 65 


50 














Weeds 


55 






Velvetieaf Seedling Johnson 
Grass 






Glyphosate add rate 
kg/ha 


Percent Injury at DAT 
21 DAT 21 DAT 


60 


2. Formulation of Example I 


0.28 
0.52 
0.84 


68 85 
88 90 
100 100 



65 
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Weed = Commelina Communis 


Giyphosate acid rate 


Percent injury at DAT 


kg/ha 


13 DAT 48 DAT 


3. Formulation of Example V 1.8 


6 45 


3.6 


11 52 



10 



15 



20 



35 



40 



45 



50 



55 



60 



Claims 

1. An aqueous concentrate herbicidal formulation a comprising water soluble giyphosate salt, ammoni- 
um sulfate and quaternary ammonium salt 

2. The formulation of Claim 1 wherein the water-soluble giyphosate salt is the isopropyl amine salt. 

3. The formulation of Claim 1 wherein the quaternary ammonium salt is a quaternized polyoxyethylenat- 
ed long chain amine. 

4. The formulation of Claim 3 wherein the quaternary ammonium salt is dialkyl dihydroxyethyl ammonium 
chloride. 

5. The formulation of Claim 4 wherein the quaternary ammonium salt is methyl bis (2-hydroxyethyl)coco 
ammonium chloride. 

6. The formulation of Claim 1 wherein the quaternary ammonium salt is a quaternized long chain amine. 

7. The formulation of Claim 6 wherein the quaternary ammonium salt is trimethyl coco ammonjum chlo- 
ride. 

8. The formulation of Claim 1 wherein the quaternary ammonium salt is a quaternized carboxylated imi- 
dazoline. 

9. The formulation of Claim 8 wherein the quaternary ammonium salt is N-carboxymethyl N-aminoethy! 
(N',N'-dicarboxymethyl) undecyl imidazoline. 

10. The formulation of Claim 1 wherein the quaternary ammonium salt is a quaternized pyridine. 

11. The formulation of Claim 10 wherein the quaternary ammonium salt is N-octyl pyridine chloride. 

12. The formulation of Claim 1 wherein the quaternary ammonium salt is trialkyl betaine. 

13. An aqueous concentrate herbicidal formulation comprising a water soluble salt of giyphosate, am- 
monium sulfate and trialkyl amine oxide. 

14. The formulation of Claim 13 wherein the salt of giyphosate is the isopropyl amine salt. 

15. The formulation of Claim 14 wherein the trialkyl amine oxide is lauryl dimethyl amine oxide. 

Patentanspruche 

1 . Wasserige herbizide Konzentratformulierung umfassend ein wasserldsliches Glyphosatsalz, Ammo- 
niumsuifat und ein quaternares Ammoniumsalz. 

2. Formulierung nach Anspruch 1, worin das wasserlosliche Glyphosatsalz das Isopropylaminsalz ist. 

3. Formulierung nach Anspruch 1, worin das quaternare Ammoniumsalz ein quatemisiertes polyoxy- 
athyleniertes langkettiges Amin ist 

4. Formulierung nach Anspruch 3, worin das quaternare Ammoniumsalz DialkyldihydroxySthylammoni- 
umchlorid ist 

5. Formulierung nach Anspruch 4 f worin das quaternare Ammoniumsalz Methyl-bis-(2-hydroxyathyl)- 
kokosammoniumchlorid ist. 

6. Formulierung nach Anspruch 1, worin das quaternare Ammoniumsalz ein quatemisiertes langketti- 
ges Amin ist 

7. Formulierung nach Anspruch 6, worin das quaternare Ammoniumsalz Trimethylkokosammoniumchlo- 
rid ist 

8. Formulierung nach Anspruch 1, worin das quaternare Ammoniumsalz ein quatemisiertes carboxy- 
liertes Imidazolin ist 

9. Formulierung nach Anspruch 8, worin das quaternare Ammoniumsalz N-Carboxymethyl-N-amino- 
athyl-(N' .N'-dicarboxymethyO-undecylimidazolin ist. 

10. Formulierung nach Anspruch 1 , worin das quaternare Ammoniumsalz ein quatemisiertes Pyridin ist 

11. Formulierung nach Anspruch 10, worin das quaternare Ammoniumsalz N-Octylpyridinchlorid ist. 

12. Formulierung nach Anspruch 1, worin das quaternare Ammoniumsalz Trialkylbetain ist 

13. Wasserige herbizide Konzentratformulierung umfassend ein wasserlosliches Salz von Glyphosat, 
Ammoniumsulfat und Trialkylaminoxid. 

14. Formulierung nach Anspruch 13, worin das Salz von Glyphosat das Isopropylaminsalz ist. 

15. Formulierung nach Anspruch 14, worin das Trialkylaminoxid Lauryldimethylaminoxid ist. 
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Revendications 

I. Formule herbicide de concents aqueux comprenant un sel de glyphosate soluble dans 1'eau, du sul- 
fate d'ammonium et un sel d'ammonium quatemalre. 

5 2. Formule selon la revendication 1, dans laquelle le sel de glyphosate soluble dans leau est le sel 
d'isopropyl amine. , * 

3. Formule selon la revendication 1 , dans laquelle le sel d'ammonium est une amine a longue chame poly- 

oxy6thylen6e quaternis6e. t( , . . m^^m^ 

4. Formule selon la revendication 3, dans laquelle le sel d'ammonium quaternaire est un cnlorure de 
10 dialkyledihydroxy&hyl ammonium. 

5. Formule selon la revendication 4, dans laquelle le sel d'ammonium quaternaire est le cnlorure de m§- 
thyle bis (2-hydroxy<§thyl)-coprah-ammonium. a 

6. Formule selon la revendication 1, dans laquelle le sel d'ammonium quaternaire est une amine k longue 
chaTne quaternis§e. . , lt ... 

15 7. Formule selon la revendication 6, dans laquelle le sel d'ammonium quaternaire est le cnlorure de tn- 

m6thyl coprah ammonium. , j . . , .. ^ 

8. Formule selon la revendication 1, dans laquelle le sel d'ammonium quaternaire est une imidazoline 

carboxylee quaternisee. . _ . , 

9. Formule selon la revendication 8, dans laquelle le sel d'ammonium quaternaire est la N-carboxyme- 
20 thyl N-amino6thyl (N'.N'-dicarboxym&hyl) und^cyl imidazoline. 

10. Formule selon la revendication 1 , dans laquelle le sel d'ammonium quaternaire est une pyridine qua- 
ternis(§e 

II. Formule seion la revendication 10, dans laquelle le sel d'ammonium quaternaire est le chlorure de N- 
octvl Dvridine 

12 Formule selon la revendication 1 f dans laquelle le sel d'ammonium quaternaire est une trialkyl-betal- 
ne» 

13. Formule herbicide de concents aqueux comprenant un sel soluble dans I'eau de glyphosate, du sul- 
fate d'ammonium et un oxyde de trialkyl amine. . 

14. Formule selon la revendication 1 3, dans laquelle le sel de glyphosate est le sel d isopropyl amine. 

1 5. Formule selon la revendication 14, dans laquelle I'oxyde de trialkyl amine est I'oxyde de lauryle dime- 
thyl amine. 
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